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Abstract 
The functional analysis viewpoint is essential in ensuring that the customer has a voice in product design plans. Functional 
analysis is, therefore, very important in TRIZ, quality function deployment (QFD) and value engineering (VE), all of which are 
frequently used in design activities. People who are not used to conducting functional analysis may spend a great deal of time 
identifying a product’s necessary functions, and this can have an adverse effect on the speed of product development and 
improvement activities. In light of this, this paper proposes a new methodology for effectively identifying—or “defining”—
necessary functions (hereinafter referred to as “definition of functions”), based on Function and Behavior Representation 
Language (FBRL), which is a tool for ontology engineering. The paper also proposes a method for utilizing a functional diagram, 
which is used in functional analysis, in selecting various natural science effects in an Effects database, as well as in selecting 
features in a contradiction matrix. The latter part of this paper introduces a new method for definition of function and a method 
for using functional diagrams by examining their application in the field of agricultural machinery. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of TFC 2011, TFC 2012, TFC 2013 and TFC 2014 – GIC. 
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1. Background and Purpose of this Study 
In a highly competitive business environment, the speed with which products are developed and improved is 
crucial in determining whether products demanded by customers can be offered in a timely manner and a 
competitive advantage can be enjoyed [6]. Achieving this requires efficiency in  the design work, for which not 
only engineering technologies, but also management techniques such as TRIZ, QFD and VE are essential [7]. 
Furthermore, functional analysis has an important role to play in making use of these techniques [1][2][3], as it 
gives the customer a voice in the design plan and generates many ideas with a focus on functions[8]. Functional  
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analysis can,  however, prove difficult  for  people without experience in this area, and it is often hard for them to 
grasp the functional structure correctly due to improper definitions of functions, resulting in the work having to be 
redone or few ideas being generated [4]. This paper proposes a method for definition of function using Function 
and Behavior Representation Language (FBRL), as well as one for generating ideas based on the use of 
functional analysis in combination with an Effects database and a contradiction matrix. 
2. Related Works 
2.1. Application of Ontology Engineering 
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Fig. 1 Example of a functional diagram 
In this paper, the functional concept is dealt with by applying ontology engineering. Sasajima et al. [5] 
developed FBRL by applying ontology engineering to this concept. In FBRL, “Behavior” is the changing state of 
the object with the passage of time, “Aim” is the intended ideal state, and “Function” is defined as the result of 
interpreting behavior with respect to the aim. FBRL is a language for expressing these ideas using ontology 
engineering. This paper adopts FBRL’s interpretation of functions. FBRL is employed in the designing of nuclear 
power plants to enhance the  reusability of knowledge acquired from existing products. FBRL does not, however, 
take into consideration the functions of detailed structures, such as the shapes of parts, nor does it lend itself to 
generating ideas widely through function-oriented thinking or optimizing designs from the viewpoint of engineering 
and costs. 
2.2. Application of a Functional Diagram to the Contradiction Matrix and Selection from the Effects Database 
An example of a functional diagram is given in  Fig.  1. This type of diagram, which is widely used in value 
engineering (VE) in Japan, organizes the functions of a product in terms of their purpose  functions and their     
means 
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Fig. 2 Cutting unit 
functions in a hierarchical manner. Here, each function is expressed by a noun (object) and a verb, and the 
expression of a function in this way is referred to as the defining of a function. 
Creating a functional diagram clarifies the object of the design and provides the inspiration for the generation of 
numerous ideas.  The functional diagram has evolved  from the first generation of functional analysis in Japan. It  is 
simple because it does not include harmful functions, attributes, or the concept of time. It is defined only by useful 
functions. To select parameters for the contradiction matrix requires experience. The functional  diagram provides 
hints for the selection of the parameters for the  contradiction matrix. Sawaguchi[9] developed a new contradiction 
matrix by simplifying the conventional one with a focus on its application in achieving cost reductions. He also 
developed a cost-reduction procedure by combining the contradiction matrix with a functional diagram, and this 
procedure is highly regarded. 
The Effects database is closely related to the functional diagram because it is a database composed of functions. 
Makino et al.[10] proposed a method which, by employing a functional diagram, makes selecting from the Effects 
database easy. However, this method is designed to be used after functional analysis has been conducted, which 
means it is assumed that a functional diagram has already been prepared in an appropriate manner. The functions 
also need to have been properly defined, but creating definition of function is difficult for novices. 
3. Examples of Definition of Function Created by Novices 
Fig. 2 shows the cutting unit of a commercially available grass mower. Four people with no experience of 
functional analysis were asked to define the functions of each of the unit’s five parts using functional expressions 
consisting of a noun and a verb.  The results are shown in Table 1.  All  four of the test subjects defined the function 
of part #1 (i.e. the cutter part) as “cutting the grass.” One of the test  subjects also added “suck the grass.” In fact, 
parts #1 through #5 are expected to achieve the goal of “cutting the grass” when they are assembled together, but 
since it is the cutter part that comes in direct contact with the grass, this image should have led the test subjects to 
define the function in these words. While “cutting the grass” is the goal, this goal can also be achieved by other 
methods, so from the viewpoint of FBRL, it is not a suitable definition. Test Subjects B, C and D defined the 
functions of parts #2 through #5 as attaching and supporting other parts, while Test Subject C came up with 
“removing other part(s)” as a function, as well. These definitions, too, are inadequate from the viewpoint of   FBRL. 
Test Subject A was unable to define the various functions and gave up.  Furthermore, although the cutter must 
move if it  is to cut the grass, none of the definitions for parts #2 through #5 addressed functions related to moving 
the cutter part. Given the above, these attempts at definition of function were unsatisfactory. This paper proposes a 
method designed to prevent the creation of insufficient definitions 
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Table 1 Definition of function created by novices 
㻺㼛㻚 㻼㼍㼞㼠 㼀㼑㼟㼠㻌㼟㼡㼎㼖㼑㼏㼠 㼂㼑㼞㼎 㻺㼛㼡㼚
䐟 㻯㼡㼠㼠㼑㼞 㻭 㼏㼡㼠 㼓㼞㼍㼟㼟
㻮 㼏㼡㼠 㼓㼞㼍㼟㼟
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㼍㼠㼠㼍㼏㼔 㼎㼞㼍㼏㼗㼑㼠
㼞㼑㼙㼛㼢㼑 㼟㼔㼍㼏㼗㼘㼑
㼞㼑㼙㼛㼢㼑 㼎㼞㼍㼏㼗㼑㼠
㻰 㼟㼡㼜㼜㼛㼞㼠 㼟㼔㼍㼏㼗㼘㼑
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4. Proposed Method 
As illustrated in Fig. 3, this paper proposes a procedure covering steps ranging from definition of function 
through to generating ideas using the Effects database and the contradiction matrix.  It further proposes a detailed  
procedure for generating ideas that is based on the functional definition procedure, the Effects database, and the 
contradiction matrix.  
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4.1. Procedure for Definition of function 
The FBRL-based procedure for definition of function works as shown in Fig. 4.  In FBRL, a function is  
identified by interpreting the behavior of an object with respect to its aim. The new method described in this paper 
proposes defining an object’s function after examining its aim and behavior, instead of going straight to expressing 
the function by using a noun and a verb. The following describes the key points of this process. When part names 
are entered, those parts which are most directly related to the aim of the part category in question are listed 
first, followed by the names of other parts in descending order of relevance. For the aim of each part, its purpose is 
entered. Here, the word “aim” means the desired state to be achieved. For example, the aim of the cutter unit 
shown in Fig. 1 is for grass to be cut by the blade of the cutter unit. 
With regard to the behavior of parts, it is important to ensure that if a part exhibits multiple types of behavior, all 
of these are listed. In this context, the word “behavior” refers to the change in condition that the part causes over 
time. The way the cutter unit behaves, for example, is that it boosts the pressure on the blade so that it cuts the grass 
with sufficient force. When entering what to pay attention to with regard to a part’s output, it is important to ensure 
that the output for each type of the part’s behavior is entered. With the cutter unit, for example, the pressure required 
to generate shear on the blade is the point of attention. When entering the function type, whether you chose 
“achievement,” “keep,” or “maintain” will depend on what you expect from the output in question. The word 
“achievement” refers to the function of bringing the output value to a desired level based on the input value. An 
example of this function is the pressure needed to generate sufficient shear for the grass to be cut by the rotation of 
the blade. Meanwhile, the word “maintain” describes the function of keeping the input and output values equal, such 
as when the shackle conducts the rotational force to the blade. The word “maintain” here describes the function of 
changing the output parameter to a desired level irrespective of the input value. 
An example of a device that performs such a function is a pressure regulating valve. In definition of function, 
attention needs to be paid to ensuring that each function is expressed by a noun and a verb that properly represent 
the object’s aim, behavior and function type. Keeping the input and output values equal, such as when the shackle 
conducts the rotational force to the blade. The word “maintain” here describes the function of changing the output 
parameter to a desired level irrespective of the input value. 
 
 
Fig. 3. Basic steps 
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Fig. 4. Procedure for defining functions 
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Fig. 5. Idea generation and embodiment procedure 
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Table 2 Defining functions using the new method 
㻏㻝㻌㻼㼍㼞㼠㼟䚷㻺㼛㻚 㻏㻝㻌㻼㼍㼞㼠㼟㻌㼚㼍㼙㼑 㻏㻞㻌㻭㼕㼙 㻏㻟㻌㻮㼑㼔㼍㼢㼕㼛㼞 㻏㻠㻌㻻㼡㼠㼜㼡㼠 㻏㻡㻌㻲㼡㼚㼏㼠㼕㼛㼚㻌㼀㼥㼜㼑 㻏㻢㻌㼂㼑㼞㼎 㻏㻢㻌㻺㼛㼡㼚
㻝 㻯㼡㼠㼠㼑㼞 㻯㼡㼠㻌㼠㼔㼑㻌㼓㼞㼍㼟㼟 㻳㼑㼚㼑㼞㼍㼠㼑㻌㼟㼔㼑㼍㼞㻌㼒㼛㼞㼏㼑 㼜㼞㼑㼟㼟㼡㼞㼑 㼍㼏㼔㼕㼑㼢㼑 㼎㼛㼛㼟㼠 㼜㼞㼑㼟㼟㼡㼞㼑
㼀㼍㼗㼑㻌㼍㼚㼓㼘㼑 㼟㼔㼍㼜㼑 㼙㼍㼕㼚㼠㼍㼕㼚 㼙㼍㼕㼚㼠㼍㼕㼚 㼍㼚㼓㼘㼑
㻼㼑㼚㼑㼠㼞㼍㼠㼑㻌㼟㼔㼍㼗㼘㼑 㼟㼔㼍㼜㼑 㼙㼍㼕㼚㼠㼍㼕㼚 㼙㼍㼕㼚㼠㼍㼕㼚 㼔㼛㼘㼑㻌㼟㼔㼍㼜㼑
㻞 㻿㼔㼍㼏㼗㼘㼑 㻹㼛㼢㼑㻌㼏㼡㼠㼠㼑㼞 㻯㼛㼚㼐㼡㼏㼠㻌㼒㼛㼞㼏㼑㻌㼕㼚㼠㼛㻌㼏㼡㼠㼠㼑㼞 㼒㼛㼞㼏㼑 㼔㼛㼘㼐 㼔㼛㼘㼐 㼞㼛㼠㼍㼠㼕㼢㼑㻌㼒㼛㼞㼏㼑
㻿㼠㼍㼎㼕㼘㼕㼦㼑㻌㼏㼡㼠㼠㼑㼞㻌㼔㼕㼓㼔㼠 㼜㼛㼟㼕㼠㼕㼛㼚 㼙㼍㼕㼚㼠㼍㼕㼚 㼙㼍㼕㼚㼠㼍㼕㼚 㼔㼕㼓㼔㼠
㻼㼑㼚㼑㼠㼞㼍㼠㼑㻌㼎㼛㼘㼠 㼟㼔㼍㼜㼑 㼙㼍㼕㼚㼠㼍㼕㼚 㼙㼍㼕㼚㼠㼍㼕㼚 㼔㼛㼘㼑㻌㼟㼔㼍㼜㼑
㻟 㻮㼛㼘㼠 㻯㼛㼚㼚㼑㼏㼠㻌㼎㼞㼍㼏㼗㼑㼠㻌㼍㼚㼐㻌㼟㼔㼍㼏㼗㼘㼑 㻯㼛㼚㼐㼡㼏㼠㻌㼒㼛㼞㼏㼑㻌㼕㼚㼠㼛㻌㼟㼔㼍㼏㼗㼘㼑 㼒㼛㼞㼏㼑 㼔㼛㼘㼐 㼔㼛㼘㼐 㼒㼛㼞㼏㼑
㻼㼛㼟㼕㼠㼕㼛㼚㻌㼟㼔㼍㼏㼗㼘㼑 㼟㼔㼍㼜㼑 㼙㼍㼕㼚㼠㼍㼕㼚 㼙㼍㼕㼚㼠㼍㼕㼚 㼟㼔㼍㼜㼑
㻠 㻺㼡㼠 㻲㼕㼤㻌㼎㼛㼘㼠 㻿㼠㼍㼥㻌㼛㼚㻌㼎㼛㼘㼠 㼜㼛㼟㼕㼠㼕㼛㼚 㼙㼍㼕㼚㼠㼍㼕㼚 㼙㼍㼕㼚㼠㼍㼕㼚 㼎㼛㼘㼠㻌㼜㼛㼟㼕㼠㼕㼛㼚
㻡 㻮㼞㼍㼏㼗㼑㼠 㻹㼛㼢㼑㻌㼟㼔㼍㼏㼗㼘㼑 㻯㼛㼚㼐㼡㼏㼠㻌㼒㼛㼞㼏㼑㻌㼕㼚㼠㼛㻌㼎㼛㼘㼠 㼒㼛㼞㼏㼑 㼙㼍㼕㼚㼠㼍㼕㼚 㼏㼛㼚㼐㼡㼏㼠 㼒㼛㼞㼏㼑
 
 
4.2. Use of a functional diagram for idea generation based on the Effects database and the contradiction matrix 
VE activities in Japan typically involve using a functional diagram (see example in Fig. 1) to select a function 
that is expected to produce a major improvement, and ideas are generated to find methods of fulfilling this function. 
A procedure is proposed, as shown in Fig. 5, to enable ideas to be generated efficiently using the functional diagram. 
The following describes the main points of the procedure. 
To realize the function desired for improvement, the appropriate physical, chemical, geometric, or biological 
phenomena are identified in the Effects database, and the functional diagram is then used to select the various types 
of natural science effects that are considered appropriate for the upper-level function of the function to be improved. 
Using a functional diagram makes it easier to identify the relevant phenomena in the Effects database. After that,  a 
brainstorming session is held to generate ideas based on widely divergent thinking while making reference to the 
effects identified in the Effects database. Next, the ideas are consolidated to create an implementation plan. Finally, 
the function chosen for improvement as the “feature to improve” is identified in the contradiction matrix, a 
worsening feature is found from among the lower-level means functions which correspond  to  the  upper-level  
purpose  function,  and the principles for embodiment of the ideas are selected. If the goal is not successfully 
achieved, a different  worsening feature is selected and another implementation plan  is devised. 
5. 5. Example of Application to Products 
In this study, Steps 1, 4 and 6 (highlighted with arrows) of the proposed method shown in Fig. 3 were  applied  to 
the grass mower cutter part shown in Fig. 2. 
5.1. Definition of Functions 
The results obtained when functions were defined based on the new method of applying FBRL are shown in 
Table 2. Part #1 (the cutter), for example, performs three functions for achieving the aim of “cutting the grass”: 
“boost pressure,” “maintain angle” and “maintain hole shape.”   For Parts #2  to #5, the means functions for the 
design necessary to achieve the aim of “cutting the grass”—including “transmit force”— were identified, and these 
functions were then organized  into a purpose-means relationship for the  functional diagram shown in Fig. 1. The 
logical structure of the functional diagram demonstrates that the necessary functions were embodied. 
Aim 
Means 
function 
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5.2. Idea Generation 
5.2.1. Selection from the Effects database 
After the costs involved in achieving the various different functions had been analyzed, “maintain rotational 
force” was selected as the function to be improved. Searching  the attribute database[1] for methods of transforming 
or expanding forces clarified that there were 8 possibilities: the Kragelsky effect, the Johnsen-Rahbek effect, 
electrokinetics, the capacitance effect, leverage, the wedge effect, crank, and the hydrodynamic effect. Furthermore,  
referring  to the Effects database for the upper-level function of “maintain rotational force” (i.e. “boost pressure”) 
found in the functional diagram shown in Fig. 1 revealed 11 additional methods: inertia, the Bernoulli effect, phase 
transition, the Aleksandrov effect,  infiltration,  centrifugal  force,  Torricelli-Boyle’s law, Mariotte’s law, thermal 
expansion, impact wave, and absorption. As a result, a total of 19 methods that would be useful for idea generation 
were identified. 
5.2.2. Selection of Principles 
“Maintain rotational force” was chosen as a feature to be improved, and “force” was selected from the 
contradiction matrix[11]. In the functional diagram shown in Fig. 1, three functions are listed as lower-level 
functions of “boost pressure”; namely, “maintain rotational force,” “maintain height” and “maintain shape of hole.”  
If the rotational  force is improved, the other lower-level functions (i.e. “maintain height” and “maintain shape of 
hole”) might be adversely affected. Looking for “shape” in the contradiction matrix revealed 4 principles which are 
useful in developing an improvement plan: “35: Change in parameters,” “10: Preliminary action,” “3: Local 
quality,” and “40: Composite materials.” 
5.2.3. Conceptual Diagram 
Based on the Effects database and the contradiction matrix, a conceptual diagram was prepared as illustrated 
in Fig. 6. Having studied the Effects database, a decision was made to continue making use of centrifugal force in 
enhancing the pressure, for the purpose of working on the rotational force. Leveraging the ideas of preliminary 
action and local quality, a wire-type cutter was chosen. This cutter was designed with a structure that houses a new 
reel of wire, thereby allowing proactive action to be taken in the event of the cutting wire wearing out. 
 
 
 
Fig. 6. New concept for the cutter unit 
6. Considerations 
This study has demonstrated that, with the use of FBRL, it is possible to identify content that must be reflected 
in the function definitions without fail. This reduces the possibility of functional definitions having to be redone 
only after unexpected situations have arisen, such as when there has been a failure to prepare functional 
diagrams or to generate ideas. Through its use in conjunction with the  Effects database and the contradiction 
matrix, the functional diagram has evolved from the first generation of functional analysis originally developed 
in Japan. It is simpler than function and attribute analysis, which is known as third-generation functional 
analysis. In addition, the relationship between the purpose function and the means function is clear. Therefore, 
by applying the Effects database and the contradiction matrix, the  procedure  developed  to  help  discover  
relevant physical phenomena and worsening features has improved the efficiency of using brainstorming for 
idea generation. 
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7. Future Areas of Research 
 
Based on the understanding that definition of function and preparing a functional diagram are very important for 
functional analysis, this paper proposes a new method for definition of function. Given that novices find creating 
functional diagrams just as difficult as definition of function, however, further research seems to be needed in order 
to find ways of help them to prepare and complete functional diagrams correctly and quickly. In the proposed 
method introduced in this paper, the aim and behavior of each part are taken into consideration in definition of 
function based on FBRL. This approach will prove useful in developing hierarchical levels for functional diagrams, 
and the author plans to continue conducting research into a method which will enable the defining of functions to be 
conducted in parallel with the preparation of a functional diagram. 
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